Salmonella is a genus of Gram-negative bacteria in the family Enterobacteriaceae. The classification of salmonellae is confusing and controversial, but most belong to a single species, Salmonella enterica, which is divided into more than 2500 serovars. 1 Many of these cause human salmonellosis, a gastrointestinal illness of significant public health importance. Salmonellosis commonly presents with diarrhoea, headache, abdominal cramps, fever, nausea and vomiting. A small percentage of infections are Salmonella typing in New South Wales: current methods and application of improved epidemiological tools Abstract: Salmonellosis caused by enteropathogens of the genus Salmonella is a major public health concern in Australia. Serotyping is usually performed in enteric reference laboratories for the initial characterisation and differentiation of Salmonella species. Further strain identification within serovars may be achieved by phage typing and this is used as an epidemiological tool for outbreak investigations. Phage typing has limited discriminatory ability and the necessity of sending specimens interstate from NSW for this test causes delays in recognising outbreaks and reduces the likelihood of identifying the source. Multilocus variable-number tandem-repeat analysis has a high discriminatory power and faster turnaround time, and is the method of choice for outbreak investigation. Additionally, a newly developed multiplex PCR-based reverse line blot hybridisation system is able to identify most of the phage types prevalent in NSW. Combining these last two molecular methods will significantly enhance outbreak investigations and surveillance of Salmonella infections in NSW. more invasive and salmonellae can be isolated from blood, urine or other extra-intestinal sites. Salmonellae also infect or colonise many animal species and most cases of human salmonellosis are acquired from raw, undercooked or contaminated animal products. [2] [3] [4] The most virulent serovars are S. enterica serovar, Typhi and S. Paratyphi A and B, the aetiological agents of enteric fever (typhoid and paratyphoid fever respectively). 5 Salmonellae constitute the largest group of notifiable enteric pathogens reported in NSW, despite the likelihood of cases being grossly underreported. 6 Between 1991-2006, an average of 1800 cases were notified in NSW each year (or 12 to 48 cases per 100 000) and these probably represent less than 10 per cent of cases. 6, 7 Laboratory diagnosis and culture identification Laboratory diagnosis of salmonellosis is usually made through the culture of stools. Specimens are inoculated onto selective media (xylose-lysine-decarboxylase agar, [CHROMagar, Paris] and selenite-F [Difco, Le Pont du Claix, France]) and the salmonella-like isolates are identified. 8, 9 Blood cultures are also performed for suspected enteric fever and other invasive salmonellosis, and in septic cases where enteric fever or invasive salmonellosis can be the cause but usually are not suspected at presentation. Biochemical tests to identify isolates are often performed by commercial bacterial identification systems. These systems provide automated species identification and antibiotic susceptibility testing, but are less reliable for enteric pathogens than the conventional methods of individual tube biochemical tests and disc diffusion susceptibility testing. In a recent internal review of results generated by the Phoenix 100 (Becton Dickinson, Franklin Lakes, NJ), 15 per cent of 84 salmonella isolates were initially incorrectly identified (unpublished data, Centre for Infectious Diseases and Microbiology).
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In NSW, up to 100 public and private diagnostic laboratories submit Salmonella cultures for serotyping to the NSW Enteric Reference Laboratory at the Centre for Infectious Diseases and Microbiology Laboratory Service. All isolates are first tested to confirm their identity. The traditional tube methods of biochemical testing are the gold standard for reference laboratories. 9 Salmonella typing in NSW Although serotype identification is not required for patient management, it is an important epidemiological tool for outbreak investigations and surveillance. For common serovars, further subtyping is needed and phage typing is currently most commonly used. Serotyping and phage typing are the basis of Salmonella reporting to the National Enteric Pathogens Surveillance Scheme. In NSW, results are reported electronically to the NSW Department of Health.
Serotyping
Serotyping involves the use of specific diagnostic sera and slide agglutination, the results of which are read in a light box. The Kauffman and White Salmonella classification scheme is based on cell wall (O) and flagellar (H) antigens and, for a few serovars (notably S. Typhi and S. Dublin), a capsular (Vi) antigen. 10 Common O antigens are the basis of serogroups and subgroups. Flagellar antigens create greater serotype diversity, and are expressed as phase I, phase II or phase I and II. Various combinations of the numerous O and H antigens contribute to over 2500 serovars, each of which can be described by a 'formula' based on these antigens -for example: S. Typhimurium is Table 1 , and account for 75-80 per cent of isolates. S. Typhimurium accounts for 50-55 per cent of all cases in NSW. Other common serovars include S. Enteritidis, S. Virchow and S. Infantis (Table 1) .
Phage typing
Bacteriophages are viruses that may be present in certain bacteria without causing damage, but that under certain circumstances, or when applied to a susceptible bacterial culture, can kill (or lyse) the bacteria. Bacteriophage There are numerous potential delays in the process of identification and typing of salmonellae, and 4-5 weeks may elapse from the time of consuming contaminated food, until results required for public health action are available (see Box 1, for S. Typhimurium). As a result, the chances of obtaining a reliable food history and identifying food sources are very low. This is a particular problem for common serovars like S. Typhimurium, for which it is difficult to identify outbreaks against a background of high endemicity.
Molecular typing: the future of Salmonella typing?
Many molecular typing methods have been used for further discrimination of Salmonella serovars and phage types, but these methods are generally slow and expensive. Molecular typing has variable reproducibility and discriminatory power but an advantage is that it can be performed by larger laboratories, so there is no need for interstate referral.
Pulsed-field gel electrophoresis has been widely used and is regarded as the 'gold standard' for Salmonella genotyping. 12 It is the basis for the US Centers for Disease Control and Prevention's 'PulseNet', an international surveillance system for Salmonella and other foodborne pathogens. However, pulsed-field gel electrophoresis is time-consuming, its ability to distinguish subtypes within S. Typhimurium is limited and comparison of results between laboratories and over long time periods requires painstaking standardisation of methods and expensive image-recognition software. Amplified-fragment length polymorphism is more discriminatory but, like pulsedfield gel electrophoresis, is technically difficult, slow, expensive and requires specialised equipment. 13, 14 Multilocus sequence typing is expensive and has limited discriminatory ability because it uses highly conserved housekeeping genes. 15 Recently multilocus variable-number tandem-repeats analysis (MLVA) has been developed for various Salmonella serovars, including S. Typhimurium, and has the potential to become the method of choice in many laboratories (for more detail on MLVA see Gilbert, 'Using MLVA to type strains of Salmonella Typhimurium in New South Wales' in this issue). [16] [17] [18] [19] [20] In addition, the multiplex PCR-based reverse line blot hybridisation system allows a total of 43 samples to be tested in a single run and, with current available resources, up to two runs can be performed each week. In future, this typing method can be further expanded by adding more gene markers to the system. This will improve its discriminatory power and provide a genetic marker base for further development of a microarray system that is capable of simultaneously identifying serovar and phage type, and distinguishing different Salmonella strains.
Conclusion
A major focus in the investigation of food poisoning is timeliness in obtaining a laboratory result and the usefulness of the result for identifying or pinpointing the likelihood of an outbreak. Serotyping still remains a useful initial tool for rapid differentiation of broad groups of Salmonella into serovars. The results of our outbreakbased molecular studies strongly suggest that due to its limited discriminatory ability, phage typing will eventually be replaced by reliable molecular typing methods. This will also overcome the delays and cost of sending cultures to interstate reference laboratories. The combination of current MLVA typing and the new multiplex PCR-based reverse line blot hybridisation system will become the method of choice for improving outbreak investigation and surveillance, and will lead to better foodborne disease control in NSW.
